Abstract. The traditional procedure for the control of the microbiological stability of wine consists of the addition of sulfur dioxide (SO 2 ), which acts as an antimicrobial agent and also as an antioxidant. The search for alternative methods of microbiological control is important and necessary, since SO 2 is a potential allergen and consumers are increasingly looking for healthier and preservative free products. Ultraviolet radiation was tested as an innovative technology that can help reduce the amount of sulphur dioxide used in winemaking. The object of this study was to optimize the process conditions compared to the results obtained previously, and to evaluate the efficiency of microbiological stabilization and its influence on the physico-chemical characteristics, the phenolic composition and sensory profile. Thus, red wine with very low content of sulphur dioxide was subjected to UV-C radiation in two different doses 424J/l e 778J/l, and the preparation of a control wine was carried out to which 30 mg/l sulfur dioxide was added. The wines (control=UV0, UV1 and UV2) were analyzed over time (from 0 to 4 months). The results show that treatment with a lower dosage is effective in the microbiological control of the product. The wines subjected to treatment with UV-C showed an increase in intensity of colour, and the treatment does not affect the flavour and taste of the wine.
Introduction
The microorganisms play a magisterial role in wine production, where Saccharomyces cerevisae and Oenococcus oeni play an important role in alcoholic and malolactic fermentation respectively. However, certain species of yeasts and bacteria can cause spoilage defects, with decrease of the quality of the wine [1] [2] [3] . The spoilage defects are usually recognized by haze formation, production of CO 2 , increase in acetic acid or volatile acidity, off-flavours as volatile phenols and volatile sulphur, and viscosity of wine [4] . The addition of sulphur dioxide (SO 2 ) during different steps of the production process is a well-established practice in winemaking, due to its multiple and diverse properties [5] . The SO 2 acts as microbiological control agent in musts and wines and as enzyme inhibitor to prevent must browning and wine oxidation [6, 7] . Although this addition is considered to be almost inevitable in the production of wine, it is also known that an excess SO 2 intake can cause health problems in sensitive people, particularly headaches, allergies, gastric irritation, nausea, and difficulties in breathing in asthma patients [8] [9] [10] . In this point of view, the International Organization of Vine and Wine (OIV) has been progressively reducing the maximum concentration authorized in wines, which is 150 mg/l for red wines and 200 mg/l for white wines nowadays (Regulation (EC) No 606/2009). In the same way, since November 25th 2005, it is mandatory to put on the label the phrase "containing sulphites" when the concentration of SO 2 exceeds 10 mg/l (Directive 2003/89/EC). In addition to the legislative norms, consumers are becoming much th World Congress of Vine and Wine more health-conscious and, as a result, prefer healthy products free of chemical preservatives or additives [11] [12] [13] . Thus, researchers and the wine industry are looking for innovative methods that can reduce or even eliminate the use of SO 2 as preservative without significantly changing the quality attributes of wine. With this objective in mind several emerging technologies have been explored including pulsed electric fields [14] , ultrahigh pressure [6, 8] , ultrasound [6, 15] or UV irradiation [4, 8, 12, 16, 17] and natural products, including bacteriocins [6, 8, 18] , lysozyme [6, 8, 18] chitosan [8, 20, 21] and glutation [22, 23] .
The application of ultraviolet C light (UV-C, 200-280 nm) was successfully used to inactivate microorganisms in water and various types of liquid foods and beverages, such as fruit juices, soft drinks, beer and wine [4, 12, 16, 17, [24] [25] [26] [27] [28] [29] [30] [31] .
The microbial inactivation is due to the rearrangement of the nucleic acid bonds, which block DNA transcription and replication, and eventually cause cell death [4, 32] . The UV-C radiation is efficient in reducing yeasts, lactic acid bacteria and acetic acid bacteria in grape juice and wine [4, 12, 33] . However, UV-C sensitivity also differs among microorganisms, species, strains and growth stage of the culture [4, 25] . UV-C efficacy was largely affected by dosage, turbidity and colour of the liquid product, and initial microbial load [4, 25] .
The aim of this study was to optimize the process conditions, to compare to the results obtained previously [34] , and evaluate the efficiency of microbiological stabilization, and its influence on the physical-chemical characteristics, the phenolic composition and sensory profile.
Materials and methods

Red Wine
The red wine of 2015 was produced in the winery of the Escola Superior Agrária de Santarém in the Tejo region, a Portuguese wine region. The wine is a blend of Tinta Roriz, Syrah and Alicante Bouschet. The chemical composition is as follow: 13.5% (v/v) alcohol, pH 3.78; 4.33 g.l −1 total acidity, 0.65 g.l −1 volatile acidity, 3 mg.l −1 free molecular SO 2 and 12 mg.l −1 total SO 2 (the wine has low content of sulphur dioxide).
Application of UV-C to wine
The wine was treated at the Tagusvalley-InovLinea technology center, using a pilot-scale UV-C reactor UVTherm developed and patented by Ypsicon. The reactor is constituted of 4 UV-C germicidal lamp that emit light at the specific wavelength of 254 nm, comprised within the range UV-C (200-280 nm). The equipment allows flows of up to 100 l.h
The applied dosages in a single pass of the wine through the system was 424 J.l −1 (UV1) and 778 J.l −1
(UV2). Sulphur dioxide was added to the wine to reach about 30 mg.l −1 free molecular SO 2 , this wine was not exposed to the UV-C light, which served as the control (UV0). After the treatment, the wines were bottled, and the evolution of the samples was monitored over time (0, 1, 2, 3, 4 months). Each trial was conducted in duplicate (n = 3 × 2).
Chemical and polyphenol analysis
The concentration of alcohol (%v/v), pH, total acidity (expressed in g/l of tartaric acid), volatile acidity (g/l of acetic acid) were determined by the official methods OIV [35] , free and total molecular SO 2 (mg/l) were determined by an adapted Paul method.
The total content of the phenolic compounds was measured by the absorbance at 280 nm, total anthocyanins were evaluated according to the method of of Ribéreau-Gayon and Stonestreet [36] . Total tanins were analysed as described by Ribéreau-Gayon et al. [36] . A Perkin Elmer -LAMBDA 25 UV/Vis spectrophotometer was used.
Microbiology analysis
Washed and sterilized bottles were used to bottle the wine.
For the microbiology analysis a membrane filtration method was used with sterile nitrocellulose filters of 0.45 µm in a Millipore ramp.
Exactly 50 mL of each sample (non diluted and diluted 1/10) was filtered through the membrane and then aseptically transferred onto Plate Count Agar (Biokar) for the enumeration of the total aerobic mesophilic microorganisms and Rose Bengal Calf Medium (Liofilchem) for the enumeration of Yeast and Moulds, and placed in a 30
• C incubator for three days and in a 25
• C incubator for five to seven days respectively. All microbiological analysis was executed in duplicate from two different bottles. In the first month an additional sample without any treatment was analysed.
Sensory analysis
The sensory analysis was performed by a panel of six expert panellists, members of the 'Comissão Vitivinícola Regional of Tejo (CVRTejo)', trained wine tasters that have previous experience. The attributes of the wine, corresponding to the visual appearance, aroma and taste senses, as well as the harmony (overall judgment) were evaluated by the tasters.
Statistical analysis
The data was analysed by Analysis of Variance using SPSS 21.0 for Windows. The significance of the results was evaluated using Tukey test. Differences were considered significant for p < 0.05.
Results and discussion
The results of the microbiology analysis are presented in Table 1 . Relatively to the aerobic mesophilic microorganisms (30
• C) enumeration, the initial microbial value decreased right after treatment with either the addition of SO 2 or after the addition of UV-C radiation. This decrease was constant with time for the wines treated with UV-C and was more intense with the higher dose of UV-C where no microbial growth was detected from the 3 rd month on. With regard to the enumeration of yeast and molds, a decrease in the microbial number was detected after the treatments were applied and with time, where no microbial growth was detected from the 3 rd month on in the wine treated with either the addition of SO 2 or after the addition th World Congress of Vine and Wine Analysis of variance was used to compare data (dose × time). Means followed by different letters in a column or row are significant at p ≤ 0.05 (Turkey test).
of the two doses of UV-C radiation. These results agree with other studies performed in wines and musts [4, 16, 17] . Table 2 shows the results of physico-chemical analysis after UV-C radiation treatment and addition of SO 2 , indicating a light increase of pH and the total acidity decreased. These parameters, obtained over time, are present in Table 3 and practically no variations are revealed. This finding is in agreement with other authors [16] that reported UC-V treatment does not change the physical and chemical parameters such as alcohol content, density, pH, total acidity or volatile acidity.
The results for polyphenols are shown in Table 4 . During the experiment in sensory evaluation, the panelists found that this technology originated some impact on colour, towards its stabilization. There is a decrease in total anthocyanins. However, this does not adversely affect the colour. This is possibly due to radiation causing copolymerization or self-association of individual anthocyanins causing a stabilization of colour; this aspect was always referred to by the tasters in the sensory evaluation, over the months.
The results of the sensory analysis (Figure 1) show that the wine, after the treatment with UV-C radiation, appears impaired when compared with the wine control (with SO 2 added). This observation indicates that treatment may momentarily contribute to a reduction in the quality of the wine, as with other technologies such as filtration. But, over time, the wines subjected to ultraviolet radiation had similar sensory characteristics to the wine control, indicating that treatment does not affect the flavour and taste of the wine. These results proved promising compared with our previous results where higher doses were used [34] . The colour is a characteristic of the wine which will benefit from this treatment, suggesting that the treatment promotes UV colour stabilization.
Conclusions
At the end of 4 months, the results show that the UV-C technology is effective in the microbiological control for wine, for the doses used. This technology did not affect the physico-chemical parameters or the content of polyphenols. The aroma and flavour of the wine was not affected, and colour stabilization was promoted.
The use of the recommended doses was shown to be effective in the microbiological control of the wine.
Future work will entail following up of this wine for a year. The application of this treatment to white wine is also intended.
